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BEHAVIOR  OF  A MILDLY  SLOPING 
CYLINDRICAL  PANEL  UNDER  THE 
EFFECT  OF  WIND  GUSTS 

A.S.  Vol’mlr,  A.F.  Danllenko  (Moscow) 

The  investigation  of  the  forced  oscillations  of  elements  of 
structures  under  the  effect  of  a nulsatlng  wind  oressure  is  of 
interest  in  connection  with  the  possibility  of  their  fatigue 
failure.  Examined  in  works  [1,  2,  3]  and  a number  of  others  is 
the  behavior  of  flexible  one-dimensional  structures  under  a wind 
load  treated  as  a stationary  Gaussian  random  process.  Using  a 
similar  anproach,  we  find  the  average  sauares  of  the  normal 
movements  and  stresses  of  a two-dimensional  structure,  which  is 
what  a shell  is. 


Let  us  take  a mildly  sloping  cylindrical  panel  with  length 
a and  width  b,  the  edges  of  which  are  hinged  supported  and  freely 
shifted  in  the  plan.  Let  apply  to  the  curvilinear  edges  a static 
compressive  load  o uniformly  distributed  over  the  width.  The 
equations  of  motion  of  such  a panel  have  the  form  [^] 
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Where  m ix,  g,  t)  is  the  normal  movement;  ® (x.  0 - stress  func- 

tion; D - cylindrical  rigidity;  E - elastic  modulus;  p - density; 

R and  h - radius  of  curvature  and  thickness  of  the  oanel;  mean 
value  of  the  random  time  function  q(t)  = 0 and  the  spectral  den- 
sity 0)  - frequency;  pg  - air  density; 

Cg  - aerodynamic  coefficient;  Vg  - average  wind  speed; 

5*(»)— Iff* Y,  (1  + i?)--spectral  density  of  oulsatlons  of  wind  speed  [5]; 

J 
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2 

a - dispersion  of  wind  speed;  •-•I/V'*  - dimensionless  fre- 
quency; L - scale  of  turbulence. 

Let  approximate  the  normal  movement  in  the  form  of  a decom- 
position by  forms  of  the  free  sustained  oscillations 

■ (*.  y.  0 - 2 **"  **" 

1 

From  equations  (2)  and  (3)  we  find  the  stress  function 

m,n 

* (Jt.  y.  a«  /?-'  2'"*  {"»*  + "*  *■*)"*  fma  (0  »»"  («  « */«)  •*"  («  « y/*)— /»y*/2,  (^* 

I 

where  x-o/fr. 


Substituting  (3)  and  (4)  into  equation  (1)  and  integrating 
by  the  Buvnov-Galerkin  method,  we  obtain,  by  introducing  formally 
the  dlsslnative  terms,  the  equation  of  force  oscillations  of  the 
panel  in  the  form  [6] 

/mil  + 2 /m'*  + fmH  Q««  U)  (*./»  = J .3,  . . .) , (5) 

where  fimn  is  the  damning  factor;  the  generalized  forces 
Q*ji(0  = 16y  (O/n'pA"*"  («.  "*1.3....):  — - the 

frequency  of  the  m and  nth  form  of  oscillations  taking  the  com- 
pressive load  into  account;  c - the  propagation  velocity  of  the 
longitudinal  waves  in  the  material  of  the  panel;  parameter  of  the 
upper  critical  stress  /»’.«»-«*(»••  (12 X*  (i -,■*•)  P' ^ 

- curvature  parameter;  y - coefficient  of  lateral 
deformation;  the  parameter  of  the  static  compressive  load 

p*^wmptfim*lEh*. 

Using  the  expressions  for  the  generalized  forces  from  (5), 
we  find  the  relative  spectral  density  of  the  generalized  forces 

(5, (-)////rJ  (<./.  /.r-l.a.  ...). 

Following  [6],  we  determine  the  mean  products  of  the  gener- 
alized coordinates  and  generalized  velocities 
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X|,.  Yu,  Zi,  are  obtained  from  ^z/*  ''//•  ^/y  by  replacement  of  the  sub- 
scriDts  i by  ^ , J by  r and  conversely. 


The  expressions  obtained  for  the  mean  products  make  it  doss- 
Ible  to  find  Jointly  from  (3)  and  (A)  the  mean  square  of  the 
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and  the  normal  stresses  acting  along  the  x axis  in  the  extreme 
fibers 
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and  according  to  the  Rice  formula  - the  frequency  of  inter- 
section of  the  assigned  level  of  movement  or  stress. 


As  an  example  let  us  investigate  in  the  first  approximation 

the  ratio  of  the  standard  of  stress  to  the  average  stress 

written  for  the  greatest  stressed  point  of  the  panel 

With  an  Increase  in  frequency  this  ratio  rapidly  grows  from  zero 
UP  to  its  maximum,  and  then  it  slowly  approaches  the  value  equal 

to  !*•  Assuming  V*  , we  obtain  (the 

region  of  low  frequencies,  where  the  solution  in  a linear 
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formulation  is  Incorrect,  is  excluded) 
a is  the  number  of  the  standards  (usually  2-3). 


where 


Thus  the  pulsating  stresses  are  comparable  to  the  static 
stresses  and  therefore  must  be  considered  in  calculations  for 
strength  and  fatigue. 

Undoubtedly,  this  problem  requires  a more  complete  study 
on  the  basis  of  the  nonlinear  theory.  The  following  approaches 
to  the  solution  to  the  problem  of  the  nonlinear  oscillations  of 
plates  and  shells  caused  by  a gusty  wind  are  possible:  1)  the 
approach  used  in  [7]  allows  solving  the  nonlinear  problem  by 
means  of  the  spectral  method;  2)  the  approach  proposed  in  [8] 
permits  in  a number  of  cases  using  the  Pokker-Planck-Kolmogorov 
equation . 
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